In an era of global labor markets, the demand for foreign workers as an input of production in labor-importing countries is the major driver of international labor migration. It can be noticed that, in the tradition of the labor movement, the migration flow was overwhelmingly from less developed to more developed countries and has geographically occurred from the Global South to the Global North region. However, recent trends have shown a rapid increase in the flow of migrants from less-developed economies to newly emerging countries in the developing world, known as "South-South" migration (Ratha and Shaw 2007; Hujo and Piper 2010). The growing presence of migrant workers in the South has continuously sparked heated debate in migrant-receiving countries over both economic and social impacts of migrant intakes as well as the policy implications
for dealing with any difficulties regarding migrant workers (Paitoonpong 2011; Athukorala and Devadason 2012; Bryant and Rukumnuaykit 2013) . Although there is a large body of literature related to the experiences of the traditional migrant-receiving countries in the North, 1 it is perilous to generalize from these studies due to the different conditions of local labor markets, the economic developments and structures, and the distinctive consequences of the characteristics of migrant workers.
As far as I know, there are only few empirical studies on the economic impacts of immigrants on host countries in the South, and Thailand is no exception. In fact, Thailand has been one of the major migrant-destination countries in Southeast Asia for over a decade where concerns have arisen regarding the impact of immigration on economic growth. Further concerns have been fueled by the fact that Thailand, in more recent years, has been faced with the new challenge of the so-called "middle-income trap" (Jitsuchon 2012) , an economic development situation in which the country is trapped between the competitive edge of low wages among developing countries and the high value-added market of more developed economies. This is mainly due to low private investment and productivity growth rates. Together with the declining trend in the fertility rate together with the aging population in Thailand, which may have the significant impacts on the availability of workforce in the labor market, these are identified in a considerable amount of economic empirical studies as potential pressures slowing down the Thai economy. In this respect, international labor migration is considered an important instrument to mitigate these effects of economic situation and population transition as well as to reverse the declining trend in fertility; it has now become a major factor of regional economic development strategy in several countries.
Nevertheless, the Thai government recently rolled out its long-run economic development plan called "Thailand 4.0": a 20-year national strategic plan (2017) (2018) (2019) (2020) (2021) (2022) (2023) (2024) (2025) (2026) (2027) (2028) (2029) (2030) (2031) (2032) (2033) (2034) (2035) (2036) focusing on improvement of human resources, technologies, and investment in R&D and infrastructure. The primary purpose of the Thailand 4.0 policy is to shift the country from intensive labor-driven growth or resource-based production that mostly relies on cheap, low-skilled labor and imported technologies to innovative-driven growth or a knowledge-based economy, which places more emphasis on high productivity and innovative creation from advanced skilled workers (Jones and Pimdee 2017) . In principle, the Thailand 4.0 agenda is the continuous process of the development or evolution of the Thai economic structure based on innovation, R&D, technology and high-quality services. Thailand 1.0 concentrated on farmer mechanization in an attempt to increase yields in the agricultural sector before Thailand 2.0 utilized cheap labor in light industry to turn raw materials into finished goods with a greater focus on household and domestic products such as garments and textiles. This was followed by concentrating on heavy industries in Thailand 3.0, which focused on more complex and assembly productions, such as electronic materials and automobiles, in order to make Thailand an industrial hub for exports and attract more foreign direct investments. Nevertheless, under Thailand 3.0, the country has been confronted with the significant challenges of growing income disparities, imbalanced economic development, and the middle-income trap; therefore, the value-based economy of the Thailand 4.0 policy aims to turn the Thai labor force into knowledge-based or skilled workers in order to reach high-income status.
To put Thailand 4.0 in practice, the Eastern Economic Corridor or EEC is offered as a pilot project. The recently launched EEC project concentrates on developing new infrastructure and enhancing long-term economic growth in the Eastern region of Thailand. 2 Making the Eastern region of Thailand a destination of choice for high-skilled immigrants from high-income countries is one of the goals of this strategic plan. Therefore, by providing estimates for regional level, this study provides useful input to the EEC as well as other regional development projects in the future. To do so, this study estimates a production function using a panel data model for the period 2003-2015. The analysis is performed across different regions of Thailand. This regional breakdown further indicates the feasibility of examining the impacts of economic growth in regions which are often assumed to be the geographical units of immigration in a regional development study. To the best of my knowledge, no study has yet adopted this production function to study the economic growth impact of immigration at the regional level in Thailand, particularly with migrant workers distinguished into high-skilled and low-skilled immigrants. In this regard, the present study thus emphasizes the need to fill this knowledge gap, and focuses specifically on the Thai regions by exploring the issue of how economic growth is affected by foreign workers using a panel dataset in Thailand.
The structure of this article is structured as follows. Section 2 explains the recent trends and characteristics of foreign workers in Thailand and its regions. Section 3 reviews the theoretical underpinnings and the literature review regarding the impacts of foreign workers on economic growth and labor productivity. Section 4 illustrates the production function specification and the estimated model formulation, and then describes the employed data, variables construction, equations and methods used for the estimation. Results and further discussion are outlined in Sect. 5, while the last section (Sect. 6) presents conclusions with some policy implications.
International labor migration in Thailand: some facts and figures about immigrants in Thailand and its regions
According to the World Bank report (2017), the movement of population in Southeast Asia is an issue of increasing significance. Malaysia, Singapore, and Thailand combined are home to more than 6.5 million ASEAN migrant workers or approximately 96% of all migrant workers in Southeast Asia, and Thailand alone accounts for more than half of all ASEAN migrant workers. Thailand, while regarding itself as a developing country, has enjoyed a fast-growing economy since the mid-1980s due to the country's structural transformation from an agricultural to an industrial base, which came together with a rapid inflow of migrant workers, particularly from neighboring countries in the Southeast Asia-Cambodia, Myanmar, and Lao PDR (more than half of them from Myanmar). As a result, the majority of immigrant workers from these countries enter Thailand illegally, with around 2-3 million of the estimated overall number of irregular immigrants in Thailand arriving in the late 1990s (Manning and Bhatnagar 2004; Chantavanich and Jayagupta 2009) . This cross-border labor migration influx is primarily due to the increasing income disparities between Thailand and its neighbors, the relatively high wage, and the growing economy with greater labor demands from the expansion of industrial sector (Pholphirul 2013; Paitoonpong and Chalamwong 2012; Pholphirul and Kamlai 2014) .
Regardless of the large-scale immigration, the increase in the foreign labor force in Thailand, most of them considered low-skilled workers, has led to a growing concern over its effects on productivity growth as well as on the native labor market. According to the Office of the National Economic and Social Development Board of Thailand (NESDB), Thailand has been divided into seven administrative sub-regions, which are the Bangkok and Vicinities, Central, Western, Eastern, Southern, Northern, and Northeastern regions (Fig. 1) .
Though the Northeastern region is the largest region in terms of area and population, it is considered as the poorest region in Thailand, in which the GDP per capita is only one-third of the national average. This is mainly due to the geographical characteristics of this region, where there is less irrigated land, poor soil fertility, and water shortages during the dry season, which has thus resulted in low productivity in the agricultural sector. Therefore, there is no doubt that the number of immigrants residing in this region tends to be low.
In Thailand, more than 80% of foreign-born workers have tended to gravitate towards the Bangkok and Vicinities, Southern, and Eastern regions, and half of the immigrants have resided in Bangkok and Vicinities. These regions also account for about 90% share of high-skilled foreign workers and 75 percent of Thailand's GDP in 2015, where Bangkok and Vicinities region has the largest GDP in the country at $158.7 billion, followed by the Eastern at $51.2 billion, and Southern region at $25.9 billion (NESDB 2019). As illustrated in Fig. 2 , a significantly larger regional distribution of foreign workers in Thailand occurred between 2003 and 2015. However, the distribution of immigrant arrival rates in each region has not been changing over time. This is attributed to the development of the economic structure in the seven sub-regions of Thailand to attract and retain immigrants, particularly high-skilled immigrants from more developed countries. Most of the high-skilled immigrants are from Japan, followed by China, the Philippines, the UK, India, and the US. Immigrants from Japan and other developed countries are mostly expatriates who work as senior officials and managers in companies or industries, while migrant workers from India and the Philippines tend to work more in the educational sector as teachers, professors, or researchers. The primary goal of the project (i.e., EEC, SEC, and NEC) to attract and retain high-skilled immigrants in the different sub-regions of Thailand is to mitigate any adverse effects on the regional population of the economic situation and population transition due to the decline in fertility. Therefore, this study will provide some evidence of the economic growth effect of foreign workers at the regional level.
There are some reasons why the regional area is considered a suitable unit of analysis, rather than the province or country level. First, the foreign-born population and labor concentrate in clustered areas. To consider whether the distribution of immigrants is concentrated in clustered regions in the data, the geographical distributions of the percentage of foreign-born to native-born workers at the province level in both 2003 and 2015 are illustrated in Fig. 3 , in which the provinces of Thailand are categorized into six levels. Figure 3 shows that the provinces with the highest proportion of foreign-born to native-born workers include an immigrant population of more than 0.5 and 5.0%, compared with the lowest of less than 0.01 and 0.1 percent, in 2003 and 2015, respectively. Also, the higher percentage of immigrants to natives in 2015 are mostly clustered in the Northern, Western, Southern, Bangkok and Vicinities, and Eastern Regions, while they are less concentrated in the Northeastern and Central Regions. Therefore, immigration is mostly a result of chain migration and considering provinces alone is not sufficient. Furthermore, a regional area, by definition, is a more complete economic entity in terms of studying its economic growth and development, especially when the focus is on Thailand's regional area-based development under the Eastern Economic Corridor (EEC) project.
Brief theoretical and literature review
The objective of this section is to provide an overview of the main underlying theories and literature concerning the impacts of immigration on economic growth. The immigration phenomenon has both direct and indirect impacts on the migrant-receiving economy. While a direct effect of immigration comes from an increasing amount of labor supply, which helps to enhance economic output, an indirect impact comes from the possession of skills, knowledge, and abilities of migrant workers, which helps to supplement those of natives in the host country. In regards to this, there are two underlying theories which explain the relationship between immigration and its impacts on economic growth. A neoclassical view of the economic growth emphasizes that a country's population changes and technological progress are keys to its long-run economic growth, and ultimately to its convergence of growth (Solow 1956) . That is, considering the economic growth exogenous, the growth rate of a region declines as the region becomes more and more developed. Hence, more developed regions and less developed regions will eventually have similar growth rates. However, some scholars have argued that there is a largely unexplained factor in the Solow growth theory, and they state that the skills, knowledge, and abilities of labors are the actual engines of economic growth (Lucas 1988; Dolado et al. 1994; Romer 1994; Hunt 2011; Peri 2012 ). An increase in the population not only increases the supply of labor and consumers, but also increases diversity of a population, which can result in increased innovation and technological advancement. According to Kremer (1993) , a large population spurs innovation and technology by sharing knowledge and new ideas, and thus leads to economic growth. Unlike the exogenous growth or neoclassical theory, the endogenous growth model considers the concept of human capital as an endogenous growth factor that drives economic growth.
To cite some previous studies from the relevant literature, Ottaniano and Peri (2008) show that immigrants encourage firms to expand capacity and increase their investment, thereby resulting in increased productivity for both native and foreign workers. Using data from 22 countries, Boubtane et al. (2016) examine the contribution of migrant workers by skill levels. They find a sizeable positive impact of immigrants on labor productivity growth only in the countries where the ratio of high-skilled or highly educated migrant workers to native workers is relatively large. Furthermore, high-skilled immigration is often viewed as the determinant of growth and development. The influx of high-skilled immigrants can promote innovation and technological advancement by decreasing the costs of R&D and also by increasing the number of patents (Bretschger 2001; Hunt 2011; Aydemir 2014) .
Some relevant research examined the macroeconomic impact of migrant workers on receiving countries in Southeast Asia and found a positive association between immigration and GDP, although the impact is small (Martin 2007; Kanapathy 2011; Thangavelu 2012) . Sussangkarn (1996) , using a computable general equilibrium (CGE) model in Thailand, examined the impact of removing all migrant workers from the country and found that it leads to a decline in GDP per capita of 0.48%. When the effect is disaggregated by economic sector, the decrease in per capita GDP becomes more acute in agricultural and low-skilled industrial sectors as they are where most migrant workers are located. Martin (2007) updated this research and showed that immigrants who are estimated to be around 5% of the total labor force in 2005 would enhance GDP by 1.25%.
Methods

Model and econometrics
As discussed in the theoretical literature review, this study focuses on the empirical relationship of economic output with skill levels of migrant workers and the impact on regional economic growth by applying the standard production function. Economic output can be increased or decreased according to the quality of the production inputs, and particularly the quality of labor. In the present analytical framework, the differences between native and migrant workers as major production inputs are constructed in the model separately factoring in potential differences in productivity. Additionally, a distinction is made between the quality of the migrant workers in the analysis. M H and M L in this context thus capture migrant workers who are classified by the levels of skill.
To obtain an econometric estimation of the impacts of the skill levels of migrant workers and native workers on regional economic growth in Thailand, the production function could be applied and written as follows:
where Y denotes the net domestic product of a given regional economy (measured in Thai baht); K refers to the physical capital (measured, again, in Thai baht) ; N to native workers (measured in numbers); M H to high-skilled migrant workers (measured in numbers); and M L to low-skilled migrant workers (measured in numbers).
The production function specified by Eq. (1) is presumed to generate constant returns to scale (CRS). This indicates that the total income from output equals the total costs from inputs, or in other words, if input factors are increased by a factor c, the output factor will also increase in a proportion of c-fold.
The above function, which is estimated in its log-linear form, is expressed as:
where the coefficients β 1 , β 2 , β 3 , and β 4 denote the rate of change in output due to physical capital, native workers, high-skilled, and low-skilled migrant workers, respectively. Moreover, by dividing the overall standard production function in Eq.
(2) with the total labor force (L), the effects of the shares of high-skilled (M H /L) and low-skilled (M L /L) immigrants on labor productivity (Y/L) can be estimated as:
The estimation of Eqs. (2) and (3) was employed in panel regression analysis through three estimating models.
The first model is the pooled time-series cross-section estimation which combines all data from both cross-sectional effects of independent variables on total output and time-series effect within units. The model is performed under ordinary least squares (OLS) regression and therefore, applied to the present study the OLS regression model has the following shapes:
where i = 1, 2, …, n refers to cross-section units (sub-regions in this case); t = 1, 2, …, n is the number of the time-series index (year in this case); and β are a vector of parameters, while ε it is the error term with a mean value of zero.
However, the pooled time-series estimation using OLS regression may cause temporal autoregressive problems, multicollinearity and spatial heterogeneity to some extent. In order to deal with these possible errors, the second way of estimating production function gives rise to the panel data analysis through region-specific modeling using the random effects (RE) model.
The following random effects (RE) models for estimating the regional economic and labor productivity impacts of immigration are given by:
where u i and ε it are assumed to be the two error term components of the random effects (RE) model: i.e., u i which is specific to the ith cross-sectional error component and does not change over time; and ε it which is the idiosyncratic error term.
The choice between the pooled time-series cross-section (pooled OLS) and the RE models was made through Breusch and Pagan (1980) Lagrange Multiplier (LM) test, which is designed to test for the RE model based on the OLS residual.
Under the null hypothesis (H 0 ), the BP-LM test statistic complies with the Chi-squared distribution with one degree of freedom or χ 2 (1). A finding that the calculated LM-statistic is greater than the critical values of the conventional 5% levels of significance 3 is taken as evidence that σ 2 u is significantly different from zero, and hence the null hypothesis (H 0 ) would be rejected in favor of the alternative hypothesis (H 1 ). The rejection of the null hypothesis conceptually implies that the RE model is considered to be the appropriate model.
Nevertheless, the appropriate estimation method for the random effects (RE) models is based upon the properties of the two error term components. If the individual-specific component (u i ) is uncorrelated or independent with the regressors, the OLS estimator for β would be consistent and the overall error terms are known to be random and the application of random effects (RE) model would be appropriate. However, if the individual-specific component (u i ) is correlated with the regressors, the OLS estimator would be inconsistent and the individual-specific component is the leftover variation in the dependent variable and must be treated as a further set of parameters to be estimated. Therefore, this gives rise to the third estimating models which is called a fixed effects (FE) model.
The fixed effects (FE) models for estimating the regional economic and labor productivity impacts of immigration are specified as:
where d it is a dummy variable which has the value of one for region i and zero otherwise; and α i is the coefficient for the region i.
In the above equation, the subscript i means that the intercepts are allowed to vary or differ across regions because all regions have their own characteristics. These characteristics are such as trade openness, industrial sectors, etc. Therefore, the fixed effects (FE) models allow each region to have its own intercept value that does not vary over the period of time. However, the FE model from estimating the transformed data using the OLS technique is applied to provide consistent estimators. In other words, the fixed (or within) effects model offers a reasonable approach to estimating when there is unobserved heterogeneity across units, and the individual-specific effects are correlated with the regressors. In other settings, the random effects model might be more appropriate if the individual-specific effects are distributed independently of the regressors (Greene 2003) .
Hence, the choice between the RE and FE models was made through the Hausman test, which is designed to test whether the individual errors (u i ) are correlated with regressors:
where β RE and β FE are the vectors of random and fixed effects models estimates.
Under the null hypothesis (H 0 ), the Hausman test statistic complies with a Chi-squared distribution with the number of degrees of freedom equal to the number of regressors in the model. The calculated Hausman-statistic that is greater than the critical values of the conventional 5% levels of significance is taken as evidence that there is a significant difference between the RE and FE estimators, and hence the null hypothesis (H 0 ) would be rejected in favor of the alternative hypothesis (H 1 ). The rejection of the null hypothesis conceptually implies that the FE model is considered to be the appropriate model.
Data and variable construction
As mentioned before, this study uses the regional area as the geographical unit of analysis. The data used as a dependent variable or a measure for regional economic growth come from the Office of the National Economic and Social Development Board of Thailand (NESDB). The NESDB has divided Thailand into seven sub-regions, which are the Northeastern, Northern, Southern, Eastern, Western, Central, and Bangkok and Vicinities Regions, and provided real regional GDP or gross regional product (GRP) as the sub-region counterpart of the national GDP. Changes in real GRP that captures the changes of a regional area's aggregate economic activities and performance serves as a proxy for economic growth.
The key independent variables in this research are native-born employment and foreign-born employment, the latter divided again in terms of different skill levels. In the regression analysis, the logged number of different skill levels of foreign-born workers is used as the key explanatory variable. The native-born employment is defined as the number of Thai people between the ages of 15 and 60 who are working part-or fulltime or actively seeking employment. The data are obtained from the Thai Labor Force
Survey (LFS) and population and housing censuses, which are available electronically on the website of the National Statistical Office of Thailand (NSO). For this study, foreign-born employment data are classified into two major categories: high-skilled and low-skilled foreign workers. While low-skilled foreign workers are mainly from neighboring countries in Southeast Asia (i.e., Myanmar, Cambodia, and Lao PDR), most of the high-skilled foreign workers are from Japan, China, the Philippines, the UK, India, and the US. Also, it should be recognized that the typology of migration in the context of Thailand is somehow arbitrary and the distinction between high-skilled and low-skilled foreign workers could be more administrative than usual. Foreign skilled workers refer to workers who have been granted visas to engage in work under section 9 (General category) and section 12 (Investment promotion category) of the Working of Aliens Act, B.E. 2551. In general, they are professional and managerial workers, investors, high-skilled technicians, and experts. Low-skilled foreign workers are those who hold temporary work permits which need to be renewed annually and entry into the country apart from the above categories. The data on foreign-born employment are compiled from the electronic data files of the annual report conducted by the Foreign Workers Administration Office of the Ministry of Labor.
The most important control variable is the physical capital of the regional areas, as labor and physical capital are the two basic inputs in a production function. A fixed asset is the measure for capital stock. However, the NESDB provides fixed assets only at the national level. Therefore, capital stock series for the regional level were generated through the method developed by Garofalo and Yamarik (2002) using the national measure of fixed assets multiplied by the ratio of region-level personal income to the national personal income. The regional level capital is calculated separately for each industry and then totaled across all industries. This method is also used for an immigration study by Peri (2012) as capital control at the state level. Following this method, this research calculated the regional personal income over the national personal income (Eq. 10), then summarized it through all the industries (Eq. 11):
where i denotes regional area; j denotes industry; y is the personal income in a regional area; Y is the national personal income, and K is the capital measured by fixed assets. n denotes the total number of industries, and the NESDB's fixed asset report provides the national values of 14 aggregated industries. 4 (10)
Panel data are then constructed as in Eqs. (2) and (3), covering the period 2003-2015 across the seven sub-regions of Thailand.
Results and discussion
In order to analyze the regional economic impacts of foreign workers in Thailand, the data used to estimate the standard production function are arranged in a balanced panel data form by pooling time-series annual data and all cross-sectional units across the seven regions for 13 years from 2003 to 2015. The descriptive statistics for all variables used in the estimation are first presented in Table 1 .
The results in Table 1 show that there is a significant difference and variability in the observed variables which could be due to the large disparities in the characteristics of labor markets in each region and the differences in the size of regional economies. Also, the prevalence of economic cycles emerging over time that are attributed to several economic situations are generally perceived to be varied and different across regions. The standard production function in this study is therefore estimated using both random and fixed effects model. The random and fixed effects models correct for both temporal and spatial heterogeneity that may arise in using pooled-OLS procedures.
The estimated results of an aggregate production function regarding Eqs. (4), (6) and (8) are presented in Table 2 in order to estimate the impact of immigration on economic growth at the regional level in Thailand. Table 2 provides pooled-OLS, random effects, and fixed effects production functions, which are estimated by splitting the skill level attainment variable for migrant workers into high-skilled and low-skilled migrant workers. Pooled OLS estimation shows that native-born and high-skilled foreign-born workers have statistically significant positive effects on regional economic output. Also, the results suggest that although immigrant workers do have a positive impact on regional economic growth, compared to native workers, the magnitude is much smaller. This suggests that an overall increase in migrant workers is good, but not as much as an increase in natives. In the case of low-skilled migrant workers, the positive and statistically significant effects on regional economic output are also found. In this context, a 10% increase in employment of high-skilled (M H ) and low-skilled (M L ) foreign workers increased overall economic growth by about 0.9% and 0.1%, respectively.
The model is then estimated using RE and FE estimators and the estimated results are compared using the Hausman test. The Hausman test statistics are overwhelmingly significant at the 1% level. The test decisively rejects the null hypothesis while using the RE estimator that the individual-specific effects are not independently distributed of the regressors, and supports the specification of the fixed effects estimator. Therefore, in interpreting the econometric results the main focus is on the fixed effects model estimates, while the random effects model is also estimated in this study for reference purposes.
The fixed effects (FE) model in Table 2 shows that the high-skilled foreign-born workers variable (M H ) is statistically highly significant, while other types of workers become statistically insignificant. Nonetheless, the estimated results are consistent with the hypothesis that the existence of high-skilled immigrants boosts regional economic growth, although on a small scale. In relation to the high-skilled foreign-born workers variable (M H ), the estimated result suggests that only an increase of around 0.8-0.9% in output growth compared to a 10% increase in the degree of high-skilled foreign workers.
Furthermore, estimating the impacts of immigration on economic output for each region in Thailand shows a 10% increase in employment of high-skilled (M H ) significantly increased economic output in Eastern, Western, and Central region by about 0.72%, 0.74% and 1.48%, respectively (Table 3 ). The impacts of low-skilled immigrants on economic output were mostly found to be insignificant, except for the Northeastern region. The results of immigration's impacts on output growth suggest the characteristic differences among sub-regions of Thailand, where the share of immigrants who are relatively high-skilled and mostly employed in manufacturing and services sectors as senior managers and professionals as a mean of foreign investment are more concentrated in the Eastern, Western, and Central regions of Thailand. Low-skilled immigrants from neighboring countries are mostly absorbed in economic sectors which tend to be labor intensive but low productivity in other regions of Thailand such as agriculture, fishery, construction, and domestic work sectors. By dividing the overall standard production function in Eq.
(2) with the total labor force (L), the effects of high-skilled (M H /L) and low-skilled (M L /L) immigrant shares on labor productivity (Y/L) can be estimated. Table 4 provides the results of the pooled OLS, and random effects, and fixed effects estimations. The results from RE and FE The results of all explanatory variables except the share of capital per labor and highskilled immigrants seemingly tend to vary on each estimation model, which may possibly be due to upward bias from not controlling or including several other determinants of labor productivity in the model such as innovation, technological investment, and physical infrastructure, as well as other political and social issues. Nonetheless, a 10% increase in the share of capital per labor (K/L) would contribute to an increase in labor productivity (Y/L) by about 7.3-9.3% (Table 4 ). This suggests that greater use of machinery and tools by regions increases capital intensity, making labor more efficient, and would enhance regional labor productivity. Therefore, regions with higher intensity of physical capital tend to show more productivity in the long term rather than those that have low physical capital intensity.
Even though the econometric estimations concerning the share of low-skilled immigrants (M L /L) and labor productivity (Y/L) were mostly found to be negative and insignificant, the relationship between the high-skilled immigrant share (M H /L) and labor productivity (Y/L) was found to be positive and significant. A 10% increase of highskilled foreign worker share would increase labor productivity by about 0.8-0.9%. The breakdowns of such estimations by regional level as shown in Table 5 further suggested a positive and significant relationship between the high-skilled immigrant share and labor productivity in some particular regions of Thailand. A 10% increase of high-skilled foreign worker share increased labor productivity by about 1.02% in Northeastern, 0.77% in Eastern, 1.96% in Central region and 1.48% in Bangkok and Vicinities (Table 5 ). These results suggest that high-skilled migrant workers in Thailand who brought in the new ideas, inventions, and technological innovation have an enhancing effect on the efficiency of task specialization through the adoption of labor-saving or knowledge-based technology, and thus they help to increase labor productivity.
Overall, the result of this study shows that immigration, of high-skilled immigrants in particular, has a statistically positive and significant impact on regional economic growth in Thailand; however, the magnitude of the impact is rather small. Real regional economic output seems basically embedded in the market structure of regional areas through physical capital and performance of native-born workers, with the influx of immigrants, especially low-skilled immigrants, affecting only the margins. The study also shows that the low-skilled immigrants which are considered to be the majority of immigrants in Thailand and usually viewed the most adversely in terms of Thai regional economic development have an insignificant impact on economic growth, but the highskilled immigrants which the present study has confirmed. The Eastern, Western, and Central regions of Thailand were found to benefit most from the inflow of high-skilled immigrants. Moreover, the econometric estimations show that a rise in the share of high-skilled migrant workers also causes an increase of overall labor productivity. This results from the increased diversity of the labor force that bring in new ideas, inventions, investment, and technological innovation to produce a wider variety of goods and services, thus indicating greater social returns to higher skill effects. Many regions of Thailand such as the Northeastern, Eastern, Central, and Bangkok and Vicinities region substantially benefit from employing high-skilled migrants. Even though many immigrants are employed in the Northern and Southern region, their contributions in these regions are not yet clear. This may be due to the fact that most of them are considered to be low-skilled, employed in low productivity sectors. The mostly insignificant impact of both native and low-skilled migrant workers on regional economic growth and productivity could possibly be related to the fact that the characteristics of these types of workers in each region of Thailand do not differ much from another as well as a more general issue of large numbers of undocumented and irregular low-skilled immigrants in the Thai labor market which should be addressed by the proper enforcement of migration policy. Evidently, immigration of low-skilled foreign workers, particularly irregular ones, causes a slight decrease in the low-skilled native wages as well as a decrease in technology investment by domestic firms, resulting in the reduction of overall labor productivity. This could imperil economic development in the long run. However, the low-skilled immigrants are considerable sources of labor supply, which helps to maintain the country's economic competitiveness. Therefore, it is necessary to appropriately manage and balance both economic costs and benefits of low-skilled migrant workers. Until now, it can be seen that the immigration management system in Thailand still lacks this stability due to weak and inconsistent implementation of migration policy.
Conclusions
During the past decade, Thailand has become a major migrant-receiving country in Southeast Asia whose population of high-skilled immigrants has gradually increased over the years. However, most existing studies have extensively focused more on lowskilled workers from other ASEAN countries, showing a lack of recognition of skilled immigrants in Thai labor markets (Martin 2007; Lathapipat 2010; Pholphirul and Rukumnuaykit 2010; Pholphirul and Kamlai 2014) . The present study, therefore, aims to investigate the economic impact of both low-skilled and high-skilled foreign workers immigrating into Thailand's regional labor market. In this study, the regional economy has been used to estimate the economic growth impact of immigrants using the standard production function. Even though the empirical analysis conducted in this article may be simple, it somehow sheds a new light for future research in this understudied area in Thailand.
An important limitation of this study as previously mentioned in the paper is the extensive, but barely understood, underreporting number of undocumented and irregular low-skilled immigrants. Hence, it would be imprudent to put too much emphasis on the precise figures of immigration effects. Given that this article is a first attempt at this topic in Thailand, the sensitivity analysis of these findings with the estimation of irregular immigrants needs to be further examined. Certainly, more confirmation of the results could be obtained if one could study the regional economic growth impacts of those irregular migrant workers in Thailand. Also, it should be noted that although the econometric estimations are grounded on a conventional framework of economic analysis, some of the results illustrate insignificant effects of low-skilled immigrants on regional economic output which could be due to the reverse causality problem whereby low-skilled immigrants might not boost the regional economic growth, but instead the economic growth in the host country pulls in the low-skilled immigrants, and the endogeneity problem resulting from not controlling several other determinants of regional economic growth and labor productivity, given the lack of data. When more data are available, these results can be further examined and revised.
Nevertheless, this study reveals that Thailand has long been enjoying price competitiveness by greatly relying on cheap labor from the neighboring countries, which causes the country to become stuck in the middle-income trap. While it is evident that employing low-skilled immigrants can have short-term advantages in terms of economic output expansion and reductions in labor shortages, its contribution to regional economic development in the host country in the long run remains unclear. Since the inflow of high-skilled immigrants has a positive impact on regional economic growth, Thailand therefore should focus more on bringing in high-skilled foreign workers as they are likely to promote new innovation and technology, attract more foreign investment, increase knowledge transfer, and improve overall labor productivity. By offering more flexible entry regulations as well as tax and non-tax incentives and other business opportunities can attract high-skilled immigrant workers. In addition, the government itself should effectively invest in infrastructure and facilitation including research support and research institutes to engage in R&D activities focusing on regional area-based development such as the EEC development project, which can help to attract both foreign and domestic investment as well as high-skilled immigrants into the country.
